Fundamental Symmetries: Progress since
the Last Long -Range Plan
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Fundamental Symmetries and Nuclear Physics

A One of the enduring mysteries of the universe is the nature of matterd what are its basic constituents and how do they
interact to form the elements and the properties we observe? The mission of the Nuclear Physics (NP) program is to
solve this mystery by discovering, exploring, and understanding all forms of nuclear matter.

AWhy the Nucleus? 1t is the densest object we can fAput

A enable searches into higher energy or higher density regions of physics
A provide a window on the strong and weak forces, and are exceptional probes for the symmetries of nature enabling BSM searches

A play a central role in the evolution of the universe and in our origin story

A Fundamental Symmetries is one of the three Nuclear Physics topic areas:
1) QCD: hadrons, dense and hot nuclear matter
2)  Nuclear Structure and Nuclear Astro, and
3) Fundamental Symmetries
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Emergence of Hadrons from QCD, Hot Structure of the Atomic Nucleus and the Probing Universal Laws in Nuclear Decays,
and Dense Nuclear or Gluonic Matter Birth of Nuclei in Astronomical Processes the Origin of Matter, and Neutrino Mass




Our Cosmic History

NP research touches on most phases of cosmic history. Fundamental Symmetries reaches most deeply
into the past and to the highest energy scales.
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The Office of Nuclear Physics Subprograms

Fundamental SymmetriedJsingnuclel, their decays, and properties to probe the symmetries of nat
Includes @ | ,IEDMs, neutrons)eutrino mass, and-decayto probe CKMinitarity.

Nuclear Structure/Nuclear Astrophysiceinderstanding nuclei, their role in astrophysical processes,
origin of elements, and discovery of new elemei@snnections to FS with several jointly funded awar

Medium Energy/Hadronic PhysicElectron scattering, hadronic spectroscopy and properties, emerg
of spin and hadron masseSupports MOLLER groups and Ra225 effort at ANL

Nuclear Theory/ComputingeFT, Lattice QCD, Transport Models, ADS/QCD, Quantum computing &
simulations.Essential to FS discoveries.

Heavy lonsEmergent properties and phases of hot and dense nuclear matter, QGP (the only early
universe phase transition we can recreate in the lab).

Nuclear Dataapplications to space exploration, nuclear reactors, medical physics)eandno physics
Coordinated nationwide program with interagency collaboration and distributed activities.

QIS:NP work that advances QIS and weesa.Strong connections for FS with quantum sensors
Accelerator R&DEIC, RHIC, CEBAF, FRIB, ATLAS. R&D on ion sources, SRF, and beam cooling.




DOE SC User Facilities Funded by NP

RHIC CEBAF

Relativistic Heavy lon Collider Continuous Electron Beam Accelerator  Facility for Rare Isotope Beams Argonne Tandem LINAC Accelerator
Facility

Recreates the QGP present Uses electron scattering to Began operations in May. It is A superconducting linear

one microsecond after the Big  probe the quark and gluon the worl doés mos acceleratorfor heavy ions at

Bang to studly its properties. structure of nuclear matter. heavy ion accelerator. energies near the Coulomb
barrier, the energy domain best

RHIC will finish its mission in Program addresses nuclear, Investigates the properties of suited to study the properties

the next several years after hadronic, and electroweak rare isotopes, nuclear of the nucleus.

which an Electron-lon Collider ~ physics including nuclear astrophysics, fundamental

(EIC) will be installed in the femtography, meson and symmetries. Applications for Beams include neutron rich

RHIC tunnel to probe the baryon spectroscopy, quarks society, including in medicine, 252Cf fragments, in-flight

origin of mass and spin, andto  and gluons in nuclei, precision homeland security, and radioactive beams, and a

study dense gluonic matter. tests of the standard model, industry. variety of stable bear_ns. Home
and dark sector searches. to 225Ra EDM and 8Li Beta

Decay Paul Trap.




Major Sites and University -Based Labs

enter for Experimental Nuclea | Institute for Nuclear Theory | Triangle Universities Nuclear Labortory
Physics and Astrophysics
NP Centers-of-Excellence and other university-based labs
(ARUNA) play an important role in the FS portfolio.
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For example, NP Centers-of-Excellence are meant to provide
exceptional capabilities in a university setting that facilitate
training and hands-on work so students can gain expertise with
accelerators and instrument building.

Other domestic sites with extensive FS related resources and
activities include SURF, LANSCE (LANL), SNS (ORNL), NCNR
(NIST), and Research and Engineering Center (MIT-Bates).
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Fundamental Symmetries at DOE: Past 5 Years
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NP Funding by Category
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In 2017, the Low Energy program split into
A Fundamental Symmetries
A Nuclear Structure/Nuclear Astro

Although there have been several challenging years for
NP research, funding for FS research has increased
from

$26.0M in FY17 to

$32.2M in FY22
slightly outpacing inflation

Funding decisions within that budget are made
depending on merit review and programmatic priorities

The fraction of funding for lab groups compared to
university groups has remained roughly 50/50 - similar
to other NP subprograms
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